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Abstract. The precise determination of the Bc → τντ branching ratio provides an advantageous opportunity for un-
derstanding the electroweak structure of the Standard Model, measuring the CKM matrix element |Vcb| and probing
new physics models. In this paper, we discuss the potential of measuring the processes of Bc → τντ with τ decaying
leptonically at the proposed Circular Electron Positron Collider (CEPC). We conclude that during the Z pole operation,
the channel signal can achieve five σ significance with∼ 108 Z decays, and the signal strength accuracies for Bc→ τντ
can reach around 1% level at the nominal CEPC Z pole statistics of one trillion Z decays assuming the total Bc→ τντ
yield is 1.3× 107. Our theoretical analysis indicates the accuracy could provide a strong constraint on the general ef-
fective Hamiltonian for the b→ cτν transition. If the total Bc yield can be determined to 1% level of accuracy in the
future, these results also imply |Vcb| could also be measured up to 1% level of accuracy.
PACS. PACS-key discribing text of that key – PACS-key discribing text of that key
1 Introduction
Weak decays of heavy mesons not only provide a unique plat-
form to test the electroweak structures of the Standard Model
(SM) but can also shed light on new physics (NP) beyond the
SM. Among different species of heavy mesons, the B+c
1 meson,
discovered in 1998 by the CDF collaboration [1, 2], is of partic-
ular interest in this regard. The B+c meson has specific produc-
tion and decay mechanisms, and accordingly the measurement
of its mass, lifetime and decay branching ratios would help to
probe the underlining quark dynamics and determine SM pa-
rameters.
Consisting of two heavy quarks of different types, the B+c
meson has three decay categories: 1) b-quark decay with spec-
tator c-quark; 2) c-quark decay with spectator b-quark; 3) an-
nihilation process (e.g. B+c → τ+ντ ,cs). The purely leptonic
decay through the annihilation process is sensitive to the de-
cay constant fBc and the CKM matrix element |Vcb|. Such a
scheme has been used for the determination of |Vcd | and |Vcs|
in D+/D+s → τ+ντ ,µ+νµ [3]. For |Vcb|, since the B+c → τ+ντ
channel has not been discovered, it is measured using inclu-
sive semileptonic b→ c transitions and the exclusive channel
of B→ D∗lν l . However, even if B+c → τ+ντ had been discov-
ered, the decay B→ D∗lν l would still provide a more precise
|Vcb| measurement.
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In recent years a few discrepancies have been found be-
tween the SM predictions and different experimental measure-
ments in the bottom sector, especially in tauonic decay modes
of B mesons [4–6]. In view of no clear signal in the direct
searches of NP to date, the implications in low-energy pro-
cesses are of great importance. The study of tauonic decay
modes of B mesons, mostly B→ D(∗)τν decays, have indi-
cated some hints for lepton flavor universality violation. While
these decay modes are very sensitive to vector/axial-vector type
interactions, the (pseudo)scalar type interactions which can be
induced in many popular NP models, e.g., the two-Higgs dou-
blet and leptoquark models are less constrained by them. Due
to the mass hierarchy mτ  mBc that results in helicity sup-
pression for B+c → τ+ντ with V − A interactions in the SM,
Bc→ τν has a better sensitivity to the (pseudo)scalar NP inter-
actions [7, 8]. Therefore, measurement of the branching ratio
B(B+c → τ+ντ) can be a key in the search for NP. As we will
show in Section II, based on the current knowledge, NP can
affectB(B+c → τ+ντ) significantly, which highlights the study
of this quantity in the future.
The recently proposed CEPC (Circular Electron Positron
Collider) [9] provides an excellent opportunity to measureB(B+c
→ τ+ντ). It has a circumference of 100 km and two interac-
tion points. Its primary objective is the precision Higgs study
at a center-of-mass-energy (
√
s) of 240 GeV. Around 106 Higgs
bosons will be produced during seven years of operation, im-
proving most of the Higgs measurements by around 1 order of
magnitude compared to the HL-LHC. In addition, a dedicated
WW threshold scan (
√
s = 158− 172 GeV) and the Z factory
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mode (
√
s = 91.2 GeV) will be operated for electroweak and
flavor physics studies. The Z factory will produce up to one tril-
lion Z bosons (Tera-Z) in two years, far exceeding LEP’s pro-
duction [10]. Such a huge data sample will enable high preci-
sion tests of the SM and allow to study many previously unob-
servable processes. Furthermore, the clean e+e− collision envi-
ronment and the well-defined initial state compared to hadron
colliders are advantages for this analysis at the CEPC. (Super)
B factories operating at the ϒ (4S) center-of-mass-energy are
below the energy threshold for B+c production. A detailed dis-
cussion on the various advantages and prospects on flavor stud-
ies at CEPC can be found in [9].
In this paper, we discuss the potential of measuring the pro-
cesses of B+c → τ+ντ , τ+ → e+νeντ and τ+ → µ+νµντ at
the CEPC. Important backgrounds are Z → cc and Z → bb,
especially the decay of B+ → τ+ντ in Z → bb events. Both
B+c and B
+ have similar masses and event topologies [3]. The
main difference is the lifetime (the B+c lifetime is around one
third of the B+ lifetime). The L3 experiment at LEP had orig-
inally searched for B+→ τ+ντ in 1996 with 1.475×106 Z→
qq events [11], and determined B(B+→ τ+ντ) < 5.7× 10−4
at 90% CL. The study did not consider the contribution from
B+c → τ+ντ . However, [12, 13] later argued the B+c → τ+ντ
contribution could be comparable to the B+→ τ+ντ contribu-
tion, and that a similar analysis method could be used to mea-
sure B+c → τ+ντ . Understanding the B+ → τ+ντ background
is crucial in this analysis.
We estimate the B+c /B
+ → τ+ντ event yield at the CEPC
Z pole as follows. The number of B+→ τ+ντ events produced
is given by:
N(B±→ τ±ντ) =NZ×B(Z→ bb)×2× f (b→ B+X)
×B(B+→ τ+ντ) ,
(1)
where NZ is the total number of Z bosons produced. The factor
two accounts for the quark anti-quark pair. The branching ratios
B(Z→ bb) = 0.1512±0.0005, f (b→ B+X) = 0.408±0.007,
andB(B+→ τ+ντ) = (1.09±0.24)×10−4 are taken from [3].
For the Bc production, the theoretical result at next-to-leading
order in αs gives B(Z → B±c X) = 7.9× 10−5 [24], and our
estimate of B(B+c → τ+ντ) (see the next section) is (2.36±
0.19)%. These numbers give
RBc/B =
N(B±c → τ±ντ)
N(B±→ τ±ντ) = 0.28±0.05, (2)
where we use RBc/B to denote the ratio. Note that the actual
uncertainty for RBc/B is larger since we lack the uncertainty for
B(Z→ B±c X). We conduct our analysis with 109 simulated Z
boson decays including (1.3± 0.3)× 104 B± → τ±ντ events.
For simplicity and a larger signal dataset for analysis, we as-
sume both N(B±c /B±→ τντ) are equal to 1.3×104 and discuss
other scenarios at the end, since the results are easily scalable
for different values of RBc/B.
The rest of this paper is organized as follows. Sect. 2 gives
the decay width of B+c → τ+ντ in the SM and estimates the
effects in NP scenarios. Sect. 3 introduces the detector, soft-
ware and the MC-simulated event samples. Sect. 4 presents the
analysis method and results. The conclusion is given in Sect. 5.
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Fig. 1: Feynman diagrams for tauonic Bc decays in the SM,
2HDM and LQ models.
2 B+c → τ+ντ in the SM and in NP models
In the SM, the decay width of the purely leptonic decay B+c →
l+νl is given by:
ΓSM(B+c → l+νl) =
G2F
8pi
|Vcb|2 f 2BcmBcm2l
(
1− m
2
l
m2Bc
)2
, (3)
where GF is the Fermi coupling constant, Vcb is the CKM ma-
trix element, fBc is the decay constant, and mBc , ml are the
masses of the meson and the charged lepton, respectively. Due
to helicity suppression, the τ final state has the largest branch-
ing fraction. The measurement of B+c → τ+ντ would help to
determine the fundamental parameter |Vcb|, once the decay con-
stant is known from first-principle calculations, i.e. lattice QCD.
Feynman diagram for B+c → τ+ντ in the SM is shown in the left
panel of Fig. 1.
With the decay constant fBc = (0.434± 0.015) GeV [14],
τ(Bc) = (0.510± 0.009)× 10−12 s and |Vcb| = (42.2± 0.8)×
10−3 [3], we obtain
B(B+c → τ+ντ) = (2.36±0.19)% , (4)
where the errors from the decay constant and lifetime of the
B+c have been added in quadrature. The uncertainty in the B
+
c
branching fraction is dominated by the decay constant that might
be further reduced in a more accurate Lattice QCD calculation
in the future.
Since the tau lepton has the largest mass compared to the
other two species of leptons, the NP coupling might have a
more evident effect in tauonic decays of heavy mesons. Two
popular NP models include the two Higgs doublet model (2HDM)
with a charged Higgs boson propagator similar to the W boson
propagator, and the leptoquark (LQ) models that couple lep-
tons with quarks. The charged Higgs boson in 2HDM can have
a significant coupling with the tau, and thereby its contributions
to decay widths could be sizable [15].
Theoretical studies of NP contributions can be conducted in
two distinct ways. One is to confront the explicit model predic-
tions one by one with available experimental constraints, while
the other is to employ an effective field theory (EFT) approach.
Integrating out the massive particles, e.g. charged Higgs parti-
cle or the LQ in Fig. 1, the NP contributions are incorporated
into a few effective operators, with the interaction strengths em-
bedded in Wilson coefficients. A general effective Hamiltonian
for the b→ cτν transition can be written as
Heff =
4GF√
2
Vcb [(1+CV1)OV1 +CV2OV2
+CS1OS1 +CS2OS2 ]+h.c. , (5)
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Fig. 2: Sensitivities of (Γtotal−ΓSM)/ΓSM(%) to CV2 . The SM
lies at the origin with Re[CV2 ] = Im[CV2 ] = 0. Labels (in units
of %) on contours denote the modification of branching ratios
(decay widths) with respect to the SM values. The red shaded
area corresponds to the global fitted results of available data
on b→ cτν decays, as shown in Eq. (9). These areas deviate
from the SM predictions by about a few σ .
where Oi are four-fermion operators andCi are the correspond-
ing Wilson coefficients. The four-fermion operators are defined
as
OV1 = (c¯Lγ
µbL)
(
τ¯LγµνL
)
,
OV2 = (c¯Rγ
µbR)
(
τ¯LγµνL
)
,
OS1 = (c¯LbR)(τ¯RνL) ,
OS2 = (c¯RbL)(τ¯RνL) .
(6)
where OV1 is the only operator present in the SM. The 2HDM
can contribute to OS1 , while the LQs can have more versa-
tile contributions depending on their spin and chirality in cou-
plings.
Having Eq.(5) and Eq.(6) at hand, one arrives at
Γtotal(B+c → τ+ντ)
ΓSM(B+c → τ+ντ)
=
∣∣∣∣∣1+CV1 −CV2 +CS1 m0Bcm` −CS2 m
0
Bc
m`
∣∣∣∣∣
2
,
(7)
where m0Bc ≡ m2Bc/(mb+mc). This expression shows the devi-
ation of decay width of B+c → τ+ντ compared with the SM.
Inspired by the experimental measurements of B→D(∗)τν
and other decays induced by b→ cτν , quite a few theoretical
analyses of NP contributions have been made in recent years.
In this work, we will make use of the results for the Wilson
coefficients from Refs.[16, 17]:
|1+Re[CV1 ]|2+ |Im[CV1 ]|2 = 1.189±0.037 , (8)
CV2 = (−0.022±0.033)± (0.414±0.056)i , (9)
CS1 = (0.206±0.051)+(0.000±0.499)i , (10)
CS2 = (−1.085±0.264)± (0.852±0.132)i, (11)
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Fig. 3: Sensitivities of (Γtotal−ΓSM)/ΓSM(%) to CS1 . The SM
lies at the origin with Re[CS1 ] = Im[CS1 ] = 0. Labels (in units
of %) on contours denote the modification of branching ratios
(decay widths) with respect to the SM values. The red shaded
area corresponds to the global fitted results of available data
on b→ cτν decays, as shown in Eq. (10).
0
950
1900 19003800
3800
3800
5700
5700-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5-1.0
-0.5
0.0
0.5
1.0
Re [CS2]
Im
[C S 2]
0
950
1900
3800
5700
Fig. 4: Similar to Fig. 3 with red shaded area as parameter
space of CS2 given in Eq. (11).
and the masses:
mBc = 6.2749 GeV , mb = 4.18 GeV ,
mc = 1.27 GeV , mτ = 1.77686 GeV. (12)
Eq. (8) directly implies that the branching fraction of B+c →
τ+ντ can be affected by (18.9± 3.7)% if only the SM-like
V −A operator OV1 is included. If OV2 is considered, the con-
tributions to (Γtotal−ΓSM)/ΓSM are shown in Fig. 2. The red
shaded area in this figure corresponds to the global fitted re-
sults of data on B meson decays induced by b→ cτν , as shown
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in Eq. (9). In this figure and the following ones, we do not con-
sider the correlation between the real and imaginary part in the
Wilson coefficients. Two branches are found due to the ambigu-
ous sign in the imaginary part ofCV2 . From this figure, one can
infer that the NP contributions range from about 10% to 30%.
In these two scenarios, branching fractions of B+c → τ+ντ are
mildly affected due to helicity suppression.
If we switch to OS1 , the results are shown in Fig. 3, and
again the red shaded area corresponds to the global fitted results
shown in Eq. (10). Similar results are shown in Fig. 4 for OS2 .
In these two figures, one can clearly see that Γ (B+c → τ+ντ)
is dramatically affected by NP contributions. At this stage the
errors do not allow a very conclusive result on the existence
of NP, and accordingly measurements of this width at CEPC
would help to confirm or rule out these NP scenarios.
Next let’s consider the |Vcb| measurement in the SM sce-
nario. Its uncertainty can be derived from the relative uncer-
tainty of the signal strength σ(µ)/µ . The signal strength µ
is the ratio between the measured effective cross section and
the corresponding SM prediction, and σ(µ) is its uncertainty.
Therefore it is straightforward that:
σ(µ)
µ
=
σ(N(B±c → τντ))
N(B±c → τντ)
=
σ(B(Z→ B±c X)B(B+c → τ+ντ))
B(Z→ B±c X)B(B+c → τ+ντ)
=
σ(B(Z→ B±c )ΓSM(B+c → τ+ντ)/Γ (B+c ))
B(Z→ B±c )ΓSM(B+c → τ+ντ)/Γ (B+c )
, (13)
where Γ (B+c ) is the total width of the B+c . Substituting Eq. (3)
into the above equation and we have:(
σ(µ)
µ
)2
=
(
σ(B(Z→ B±c X))
B(Z→ B±c X)
)2
+4
(
σ(|Vcb|)
|Vcb|
)2
+
4
(
σ( fBc)
fBc
)2
+
(
σ(Γ (B+c ))
Γ (B+c )
)2
+Cov.+O(10−6),(14)
where Cov. refers to the covariances between variables. The
σ( fBc)/ fBc and σ(Γ (B+c ))/Γ (B+c ) are both at 1% level. Sect. 4
shows that σ(µ)/µ is also likely at 1% level at Tera-Z. This
leaves the error terms to be dominated by the B+c production
term, which has a much bigger uncertainty, and will determine
the uncertainty of |Vcb|. If the B+c production term can be de-
termined to 1% level in the future and the covariances are also
around the same level or less, the |Vcb| could be determined to
1% level as well.
3 Detector, software and the sample
The CEPC CDR (conceptual design report) [9] provides a de-
tailed description of the detector setup and the software infras-
tructure. Both of them are inspired by the International Large
Detector (ILD) of the International Linear Collider (ILC) and
offer comparable performances. The general flow of software
is as follows: 1) create simulated event samples using Pythia
[18] and Whizard [19], 2) the MokkaPlus [20], a GEANT4
[21] based simulation tool, simulates the interaction with the
detector, 3) the reconstruction framework mimics the electron-
ics’ responses and creates physics objects. Upon completing
the standard procedures, two more softwares are used for fur-
ther analysis. One is the LCFIPlus [22], an ILC software which
can perform jet clustering and flavor tagging operations to sep-
arate different quark flavors in Z → qq. The other one is the
TMVA [23], a multi-variable analysis tool for BDT (boosted
decision tree) training.
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Fig. 5: Signal electron energy distribution
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Fig. 6: Signal electron reconstruction efficiency and purity
versus energy.
The simulated sample consists of Z→ qq,B+→ τ+ντ and
B+c → τ+ντ . The latter two are additional Z → qq events that
contain the corresponding processes. In order to save time, only
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a fraction of the qq (do not include B+c /B
+→ τ+ντ ) events that
are sufficient for analysis are actually simulated. The data are
then scaled to reach the sample size corresponds to 109 Z boson
decays.
Since we are looking for leptonic final states, it is eluci-
dating to demonstrate the lepton reconstruction performance
of CEPC. Figure 5 shows the generated energy spectrum of
the signal electrons of 1.76×105 B+c → τ+ντ ,τ+ → e+νeντ
events. We define the efficiency as the fraction of correctly
identified electrons with respect to the total number of gener-
ated electrons. The purity is defined as the fraction of correctly
identified electrons among all of the reconstructed particles that
are associated with electrons. The dependence of the electron
efficiency and purity on the electron energy in signal events is
shown in Fig. 6. The relative high energy of the signal electron
and the clean environment enables a high efficiency and purity.
The muon final state has a similar performance.
4 Analysis method and results
4.1 Analysis method
The characteristic event topology of B+c /B
+ → τ+ντ ,τ+ →
e+/µ+νν is shown in Fig. 7. The entire space can be divided
into two hemispheres by the plane normal to the thrust axis.
The thrust axis is the unit vector nˆ which maximizes
T =
Σi|pi · nˆ|
Σi|pi|
, (15)
where pi is the momentum of the i
th
final state particle. The
direction points towards the hemisphere with less total energy.
The hemisphere in which the B+c /B
+→ τ+ντ ,τ+→ e+/µ+νν
decay occurs is the signal hemisphere and the other one is the
tag hemisphere. The main event topology features are: 1) a b-
jet in the tag hemisphere, 2) a single energetic e or µ with rel-
atively large impact parameter along the thrust axis, 3) large
energy imbalance between the signal and the tag hemisphere
due to missing neutrinos in the signal hemisphere, 4) some soft
fragmentation tracks are also present. Based on the above def-
initions and features, it is clear that the thrust axis will mostly
point towards the signal hemisphere. And the impact parame-
ter is defined as follows: find the point on the thrust axis that
is closest to the track, the impact parameter is the signed dis-
tance from the point to the interaction point. If the point lies
in the signal hemisphere, then the impact parameter is positive,
otherwise it is negative. Therefore, the signal lepton’s impact
parameter characterizes the total decay length of the B meson
and the τ . The main difference between B+ and B+c events is the
impact parameter due to the difference between their lifetimes.
The general analysis strategy is:
1. Employ a cut chain which exploits the main features of
the event topology to reduce most of the backgrounds from Z
decays to light flavor jets.
2. Use a BDT to separate B+c /B
+→ τ+ντ , τ+→ e+/µ+νν
from heavy flavor jets. In this case both the Bc and B events are
considered as signal.
3. Use another BDT to separate between B+c and B
+ events.
Fig. 7: Bc/B→ τν ,τ → e/µνν event topology. Be reminded
that the extension of the lepton track passes close by the thrust
axis, but does not need to intersect it.
Using two BDTs allows us to maximize the separation power
of the final state lepton’s impact parameter in the second BDT
where it will be used as an additional parameter. However, lim-
ited by the amount of simulated events, we do not have suffi-
cient MC data left after a cut on the output of the first BDT is
applied to conduct a meaningful analysis of the second BDT
cut. The solution is to apply the second BDT to a larger set of
data and scale the results down to our original assumption. The
details will be explained later. We begin with the electron final
state and apply the same method to the muon final state as they
are highly similar. The first stage cut chain is described in the
following:
1. The b-tagging score (ranging from zero to unity) has
to be greater than 0.6. This reduces most of non-bb qq back-
grounds.
2. The energy asymmetry, defined as the total energy in
the tag hemisphere subtracted by the total energy in the sig-
nal hemisphere, has to be larger than 10 GeV. This step signif-
icantly reduces all of qq events again while preserving most of
the B+/B+c events.
3. The signal hemisphere needs to have at least one elec-
tron. In case of multiple electrons, the most energetic one is
selected for analysis. Most of the signal electrons have suffi-
cient momenta to hit the electromagnetic calorimeter and meet
the requirement.
4. The electron is the most energetic particle in the signal
hemisphere.
5. The nominal B meson energy is greater than 20 GeV. The
quantity is defined as:
EB = 91.2 GeV− all visible energy except the signal electron.
Table 1 shows the number of events during the cut chain.
We have eliminated most of the light flavor backgrounds. Al-
though their total number is comparable to the signal, consid-
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Table 1: The cut chain for the electron final state. The numbers in the parentheses are corresponding scale factors.
B±c → τντ B±→ τντ dd(15) + uu(11) + ss(15) cc(4.8) bb(3.3)τ → eνν excl. τ → eνν τ → eνν excl. τ → eνν
All events 2352 10584 2289 10647 409929226 119954033 150563659
b-tag > 0.6 1711 7615 1517 7207 2087741 7344014 116165715
Energy asymmetry
> 10 GeV 1520 6249 1381 5883 476126 1609771 29919812
Has electron in
signal hemisphere 1352 1334 1231 1161 140300 625670 15828883
Electron is the most
energetic particle 996 126 876 108 8270 79190 4565454
EB > 20 GeV 987 120 873 105 953 34147 3187635
1
st
BDT score > 0
(training data)
164 1 83 0 — 7 50
1
st
BDT score > 0
(test data)
138 4 69 3 — 13 46
2
nd
BDT score > 0
(training data)
110 — 27 — — — —
2
nd
BDT score > 0
(test data)
107 — 33 — — — —
ering the corresponding scale factors, and they are likely to be
eliminated by the following process, we ignore the events on-
wards.
After the first stage cut chain, we choose several variables
for the BDT to eliminate bb and cc backgrounds. Some of the
variables have been used in the L3 analysis [11]. They are listed
as following:
– Nominal B meson energy.
– Maximum neutral cluster energy inside a 30 degree cone
around the thrust axis in the signal hemisphere.
– Electron’s impact parameter along the thrust axis.
– The largest impact parameter along the thrust axis in the
signal hemisphere besides the selected electron. After the
cut chain, in most events the signal electron has the largest
impact parameter in the signal hemisphere.
– Energy asymmetry.
– Second largest track momentum in the signal hemisphere.
– Electron’s energy.
We then apply cuts on the outputs of two BDTs as described
before. In the first BDT, we use all but the electron’s impact pa-
rameter along the thrust axis. The parameter will then be added
in the second BDT. Our solution for the aforementioned prob-
lem of insufficient data for second training is as follows:
1. use the first training result to evaluate 1.76×105 B+c /B+→
τ+ντ , τ+→ e+νeντ events each2. Other τ decay channels and
the qq events are ignored.
2. cut at the same BDT score in Table 1.
3. perform the second BDT training using electron’s impact
parameter as additional variable.
4. scale down the results to match the original statistics.
The extreme values in the BDT variable distrbutions are cut
before training and the entire data are randomly split in equal
amounts for training and test, respectively.
2 Corresponds to one million B+c /B
+ → τ+ντ events each, based
on theB(τ+→ e+νeντ ).
4.2 Results
 BDT scorest1
-1 -0.5 0 0.5 1
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tri
es
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b b→Z 
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)νν e→ τ (excl. ντ →/B cB
(Test data)
νν e→ τ, ντ →/B cB
Fig. 8: The first BDT score for the training data and the test
signal data. Here the notation Bc/B means the combination of
the two data.
The first BDT score for the training data and the test signal
data are shown in Fig. 8. The presence of the signal is apparent
at large BDT scores and we have a good matching between the
training and test signal data. We apply a cut on the BDT score at
zero. The second BDT score is shown in Fig. 9. The histograms
are already scaled to match 109 Z boson decays and we cut on
the second BDT score also at zero. Numbers from both results
are shown in Table 1.
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Now we can compute the relative accuracy of the signal
strength:
σ(µ)/µ =
√
NS+NB/NS , (16)
where NS and NB denote the number of signal and background
events that pass all selection cuts, respectively. We compute
the quantity using the test data results multiplied by 23. Here
we assume that all of the other backgrounds from the test data
of the first BDT cut survive the second BDT cut, which means
NB = (4+33+3+13+46)×2= 198. Although many of them
will presumably be rejected by the second BDT cut. Such a
conservative method leads to σ(µe)/µe= 9.5%, where the sub-
script e indicates the electron final state. This is worse than the
σ(µe)/µe from the first BDT training, which is 8.5%. The total
number of non-B+→ τ+ντ ,τ+→ e+νeντ backgrounds in the
test data after the second BDT cut has to be below 24 to achieve
the same accuracy. This can be reliably verified with a larger set
of data. We can repeat the entire process for the muon final state
and the cut chain is shown in Table 2, and σ(µµ)/µµ = 11.7%.
Combining the two final states, we have σ(µ)/µ = 7.4%. Con-
sequently, by scaling down the signal and background events,
we can predict that we need around 1.4× 108 Z decays to
achieve 5σ significance. It is now straightforward to calculate
the σ(µ)/µ for both B+c /B+→ τ+ντ at Tera-Z at various sig-
nal luminosities. Figure 10 shows their relationship with RBc/B.
Here, the yield N(B±→ τ+ντ) is fixed at 1.3×104 per one bil-
lion Z. The projected σ(µ)/µs at Tera-Z are around 1% level
for both B+c → τ+ντ and B+→ τ+ντ . In Sect. 2 we have dis-
cussed the |Vcb|measurement and with current results we argue
that the accuracy could reach up to 1% level with certain im-
provements.
3 Which means we are extrapolating the test data, which represents
half of our analysis sample, to all of the sample.
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Fig. 10: σ(µ)/µ at Tera-Z versus RBc/B. The estimated range
of RBc/B in Eq. (2) is shown in red band. Be reminded that the
actual uncertainty is larger since we lack uncertainty for
B(Z→ B±c X).
4.3 Phenomenological Impact on New Physics
As we have shown in Sec. 2, based on the current results on NP
in b→ cτν , the Γ (B+c → τ+ντ) tends to deviate from SM pre-
dictions, but the statistical importance is not significant. From
Fig. 10, one can see that at CEPC the σ(µ)/µ for B+c → τ+ντ
can reach about 1% level. This includes the constraint in both
the production of B+c and the decay into τ+ντ . If the production
mechanism is well understood, the result on σ(µ)/µ would
also imply that the uncertainties in Γ (B+c → τ+ντ) are reduced
to the percent level. On the other side, in the future one can also
use theB(B+c → J/ψpi+) as a calibration mode. In theory the
Lattice QCD can calculate the Bc → J/ψ transition form fac-
tors while the perturbative contributions are well under control
in perturbation theory.
One can use such results on Γ (B+c → τ+ντ) to probe NP to
a high precision. In Fig. 11, we show the constraints on Re[CV2 ]
and Im[CV2 ]. If the central values in Eq. (9) remain the same
while the uncertainty in Γ (B+c → τ+ντ) is reduced to 1%, the
allowed region for CV2 shrinks as the dark-blue region, where
the deviation from the SM is greatly enhanced.
Similar results can be obtained for NP coefficients CS1 and
CS2 , but as we have demonstrated in Sec. 2, both scenarios will
induce dramatic changes to Γ (B+c → τ+ντ). These NP effects
are so large that they would already be verified or ruled out
before entering into the very precision era of the CEPC. Thus
it is less meaningful to present the constraints for these two
coefficients.
5 Conclusion
Nowadays hunting for new physics beyond the Standard Model
is a primary objective in particle physics. In this paper, we have
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Table 2: The cut chain for the muon final state. The qq data is scaled in the same way as in Table 1.
B±c → τντ B±→ τντ dd(15) +uu(11) + ss(15) cc(4.8) bb(3.3)τ → µνν excl. τ → µνν τ → µνν excl. τ → µνν
All events 2256 10680 2279 10657 409929226 119954033 150563659
b-tag > 0.6 1646 7680 1586 7129 2087741 7344014 116165715
Energy asymmetry
> 10 GeV 1428 6341 1428 5832 476126 1609771 29919812
Has Muon in
signal hemisphere 1224 2304 1232 2282 239356 813083 19476244
Muon is the most
energetic particle 936 231 903 180 9541 89290 4920088
EB > 20 GeV 932 223 892 174 1674 39583 3499993
1
st
BDT score > 0
(training data)
128 3 67 2 — 8 48
1
st
BDT score > 0
(test data)
98 6 70 7 — 7 85
2
nd
BDT score > 0
(training data)
95 — 24 — — — —
2
nd
BDT score > 0
(test data)
91 — 29 — — — —
-0.2 -0.1 0.0 0.1 0.2
-0.4
-0.2
0.0
0.2
0.4
Re [CV2]
Im
[C V 2]
Fig. 11: Constraints on the real and imaginary parts of CV2 .
The red shaded area corresponds to the current constraints
using available data on b→ cτν decays. If the central values
in Eq. (9) remain while the uncertainty in Γ (B+c → τ+ντ) is
reduced to 1%, the allowed region for CV2 shrinks to the
dark-blue region.
first demonstrated that the decay B+c → τ+ντ provides a unique
opportunity to probe new physics contributions especially to
the (pseudo)scalar interactions that exist in many popular mod-
els like the two Higgs doublet model and the leptoquark mod-
els.
We then analyzed the decay B+c → τ+ντ ,τ+→ e+/µ+νν
at the CEPC Z pole. We took references of the methods used in
the L3 analysis [11] on the search of B+→ τ+ντ , which shares
a similar event topology. The backgrounds under consideration
are Z→ qq, B+→ τ+ντ as well as other τ decay channels of
B+c → τ+ντ . We used a first stage cut chain to suppress most
of the light-flavor backgrounds, and subsequently used 2-stage
BDT method to perform a fine-tuned multi-variable analysis.
The first BDT separates heavy flavor backgrounds and the sec-
ond BDT separates B+ → τ+ντ events. The current detector
design and reconstruction algorithms provide excellent signal
lepton reconstruction efficiency and purity, and do not pose sig-
nificant constraints on the analysis. We have demonstrated that
under current estimates for N(B±c → τ±ντ), we need around
∼ 108 Z decays to achieve five σ significance. The relative ac-
curacy of signal strength could reach around 1% level at Tera-
Z. If the total B+c yield can be determined to 1% level accu-
racy in the future the |Vcb| can also be expected to be mea-
sured to 1% level of accuracy. Our theoretical analysis shows
the channel has a good potential for NP search and could pro-
vide a significant constraint on the NP related to the Wilson
coefficient CV2 in Eq. (5). We also showed the projected sig-
nal strength accuracy for various signal event numbers for both
B+c /B
+ → τ+ντ . The results could be improved with a more
exhaustive analysis, especially the inclusion of hadronic τ de-
cays and a larger sample of MC-simulated events.
To summarize, we have demonstrated the CEPC’s bench-
mark capability on the B+c → τ+ντ study. The results show the
CEPC could provide a new opportunity to search for the NP
such as the 2HDM and LQ models, measure |Vcb| and test our
understanding of QCD.
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